We examined the plasma levels of soluble Fas (sFas) or Fas ligand (sFas-L), tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) in patients with idiopathic nonobstructive (HNCM) and dilated-phase (DHCM) hypertrophic cardiomyopathy.
IDIOPATHIC hypertrophic cardiomyopathy (HCM) is a primary cardiac disorder, often transmitted genetically, with heterogeneous clinical and morphological expression, and most patients have good prognoses. However, systolic ventricular dysfunction and congestive heart failure (CHF), usually associated with left ventricular remodeling demonstrated as wall thinning and chamber enlargement, occur in about 5 percent of the patients, and the condition was previously known as dilated-phase hypertrophic cardiomyopathy (DHCM). 1, 2) DHCM is a refractory disease and the prognosis is extremely poor compared to other types of HCM.
2) Although many factors are thought to be related to the pathogenesis of DHCM, [3] [4] [5] the details are still unknown. Persistent increments in circulating levels of some cardiac enzymes are often observed in DHCM patients and they show abnormal thallium perfusion or antimyosin uptake in myocardial scintigraphy. 6, 7) Furthermore, pathological studies have revealed that cardiac myocyte degeneration with marked fibrosis was observed in a broad area of ventricular myocardium 3) and immunohistochemical evaluation of apoptosis showed apoptotic cells and bodies in the destroyed myocytes along the border between the fibrotic area and myofibrils in DHCM patients. 8) These findings suggest the presence of ongoing apoptotic changes in cardiac myocytes of DHCM.
Recent studies have reported the overexpression of soluble apoptosis mediators and proinflammatory cytokines in patients with several cardiac diseases. [9] [10] [11] [12] [13] [14] Circulating apoptosis mediators, such as soluble Fas (sFas), an inhibitor of apoptosis, 15) and soluble Fas ligand (sFas-L), an inducer of apoptosis, 16) were found to be elevated in CHF and well correlated with the severity of symptoms and prognosis of the patients. 9, 11, 17) Proinflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), are capable of modulating cardiac function by a variety of mechanisms including induction of cardiac myocyte apoptosis. 13, 18) In fact, Narula, et al reported that progressive loss of cardiac myocytes due to apoptosis would contribute to the deterioration of myocardial function in CHF. 19) Thus, apoptosis plays an important role in a variety of cardiovascular diseases. 20) We hypothesized that progressive cardiac myocyte loss due to apoptosis and detrimental effects by proinflammatory cytokines in the myocardium might be important factors in the status and pathogenesis of DHCM. In the present study, we sought to examine the plasma levels of these apoptosis mediators and proinflammatory cytokines in HCM patients, including DHCM, and investigated their relations to each other and to other clinical variables, such as cardiac natriuretic peptides, soluble interleukin-2 receptor (sIL-2R) as a marker of T-cell activation, and echocardiographic data to validate the hypothesis. 
METHODS
Study subjects : We prospectively studied 38 patients with hypertrophic nonobstructive cardiomyopathy (HNCM) and eleven DHCM patients for three years. Ten age-and gender-matched normal subjects without diseases and medications were also included. All patients were receiving regular outpatient treatment in our hospital (Kyoto Prefectural University of Medicine Hospital) and their clinical courses were stable for six months at least. They were diagnosed as HCM after studying their history of illness, physical examination, echocardiography, and previously performed cardiac catheterization. In the case where the left ventricular diastolic dimension of the HCM patient increased to 55 millimeters or more, the left ventricular ejection fraction decreased to 50 percent or less using echocardiography during his clinical course and the patient was confirmed not to have any coronary artery disease. We diagnosed the patient as having DHCM in our hospital. Patients with significant concomitant disease, such as pulmonary disease, malignancy, autoimmune disorders, neurodegenerative disorders, diabetes mellitus, thyroid disease, or concurrent viral disease were excluded. All serum creatinine and aminotransferase levels were within the normal ranges. All subjects studied provided informed consent to the study, which was approved by the Ethics Review Committee on Human Research of Kyoto Prefectural University of Medicine.
Blood sampling and measurement of plasma sFas, sFas-L, TNF-α, and IL-6 levels:
After an overnight fast, peripheral venous blood samples were obtained from the antecubital vein and transferred to chilled disposable tubes containing 2-sodiumethylenediamine tetraacetic acid (1.5 mg/mL). The tubes were promptly centrifuged at 4°C, and aliquots of plasma were immediately stored at -80°C until analyzed. Plasma sFas and sFas-L levels were measured with commercially available enzyme-linked immunosorbent assay (ELISA) kits (Medical & Biological Laboratories Co., Ltd, Nagoya, Japan). The sFas and sFas-L ELISA kits were based on a sandwich ELISA and could specifically detect sFas and sFas-L. Plasma TNF-α and IL-6 levels were also measured using sandwich ELISA kits with two monoclonal anti-human TNF-α and IL-6 antibodies (Immunotech, Marseille, France). The sensitivity limit of the assay was 500 pg/mL for sFas, 30 pg/mL for sFas-L, 5 pg/mL for TNF-α, and 3 pg/mL for IL-6 according to the manufacturer. We performed all assays in duplicate, and the mean of two sets of data was determined for each individual sample. Using the ELISA method with commercial kits, the intra -and interassay coefficients of variation (CV) were 1.49 -7.12% and 3.81 -8.14% for sFas, 4.2 -7.4% and 6.3 -10.7% for sFas-L, 1.6 -10% and 5.4 -12.8% for TNF-α and 1.6 -6.8% and 7.9 -14.6% for IL-6. Measurement of plasma cardiac natriuretic peptides and sIL-2R levels: Plasma atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) levels were measured with a specific immunoradiometric assay for human ANP or BNP using commercial kits (Shionoria kit, Shionogi and Co., Ltd., Japan). Normal values were less than 43 pg/mL for ANP and 18.4 pg/mL for BNP when using these assay kits. The intra-and interassay coefficients of variation (CV) were 5.1% and 5.8% for ANP, and 5.2% and 6.1% for BNP. Plasma sIL-2R levels were also measured using a sandwich ELISA kit with two monoclonal anti-human IL-2R antibodies (IMMULITE IL-2R diagnostic test kit, Diagnostic Products Corporation United Kingdom). Normal values were within 220 -530 U/mL using this assay kit, and the intra-and interassay coefficients of variation (CV) were 4.5 -8.0% and 3.3 -6.4%. Echocardiographic study: Two-dimensional, M-mode, and Doppler echocardiographic studies were performed by standard methods at the time of blood sampling, and conventional parasternal and apical views were obtained. Patients were imaged with a Hewlett-Packard ultrasound system equipped with a multifrequency transducer (2.5 and 3.5 MHz). Some parameters were measured with Mmode and Doppler echocardiography, such as interventricular septal thickness (IVSTd), left ventricular end-diastolic dimension (LVDd), fractional shortening (FS), left atrial dimension (LAD), ratio of early to late diastolic transmitral flow (E/A), and mitral E wave deceleration time (DT) by standard methods. Statistical analysis: The data classified according to HCM subclasses and normal subjects were analyzed. End points for follow-up were hospitalization for deterioration of CHF, cardiac death, or cardiac sudden death. All values are expressed as the mean ± SD. Categorical data were compared using one-way analysis of variance (ANOVA) for repeated measures followed by Scheffe's procedure for post hoc comparison. The Mann-Whitney U test was used for paired data. A simple linear regression analysis was performed to determine the relationship between continuous variables by the least-squares method. Kaplan-Meier analysis was performed on the cumulative incidence of CHF in DHCM patients stratified into two groups on the basis of the median values of plasma blood sampling levels and echocardiographic data and differences between the cumulative incidence curves were analyzed using the Breslow-Gehan-Wilcoxon test. A P value < 0.05 was accepted as statistically significant.
RESULTS
Patient characteristics, echocardiographic data, and plasma levels of cardiac natriuretic peptides: Table I shows the clinical characteristics, echocardiographic data, and plasma levels of cardiac natriuretic peptides for both HCM patient groups and the normal subjects. There were no significant differences in age or gender among the three groups and most patients had received β-blockers or ver-Vol 46 No 2 apamil. Thirty-six of 38 HNCM patients were classified as New York Heart Association (NYHA) functional class I and 2 as class II. Of the 11 DHCM patients, 9 were classified as NYHA functional class II and 2 as class III.
Echocardiographically, IVSTd in HNCM and DHCM patients was significantly increased compared to the normal subjects. LVDd, FS, LAD, and E/A in DHCM patients were significantly different from those in HNCM and normal subjects. LAD in HNCM patients was significantly increased compared to the normal subjects.
Plasma levels of ANP and BNP were significantly higher in DHCM patients than in HNCM and normal subjects. Plasma BNP levels in HNCM patients were significantly increased compared to normal subjects.
Plasma levels of apoptosis mediators, proinflammatory cytokines, and sIL-2R:
Grouped values for the plasma levels of sFas, sFas-L, TNF-α, IL-6, and sIL-2R are presented in Figure 1 . Plasma sFas, TNF-α, and IL-6 levels were significantly higher in DHCM patients (sFas: 3.87 ± 1.77 ng/mL TNF-α: 79.3 ± 72.4 pg/mL Values are mean ± SD or n (%). #: P < 0.05 versus normal subjects. §: P < 0.05 versus HNCM group. HNCM = hypertrophic nonobstructive cardiomyopathy; DHCM = dilated-phase hypertrophic cardiomyopathy; NYHA = New York Heart Association; IVSTd = interventricular septal thickness; LVDd = left ventricular end-diastolic dimension; FS = fractional shortening; LAD = left atrial dimension; E/A = ratio of early to late diastolic transmitral flow; DT = mitral E wave deceleration time; ANP = atrial natriuretic peptide; BNP = brain natriuretic peptide. IL-6: 234.1 ± 135.2 pg/mL) than in the normal subjects (sFas: 2.13 ± 0.73 ng/mL TNF-α: 16.9 ± 4.3 pg/mL IL-6: 4.0 ± 2.1 pg/mL). There were slightly higher levels of sFas, TNF-α, and IL-6 in HNCM patients (sFas: 3.67 ± 1.15 ng/mL TNF-α: 43.3 ± 45.2 pg/mL IL-6: 65.1 ± 86.4 pg/mL) compared to the normal subjects, but only the difference in sFas was statistically significant. Plasma sFas, TNF-α, and IL-6 levels were slightly higher in DHCM than in HNCM patients but only the difference in IL-6 was statistically significant. The plasma levels of sFas-L were decreased significantly in HNCM (0.18 ± 0.08 ng/mL) and DHCM (0.05 ± 0.02 ng/mL) patients compared to normal subjects (0.25 ± 0.05 ng/mL) and they were significantlyt lower in DHCM than in HNCM patients. Plasma sIL-2R levels were not significantly different among the 3 groups (HNCM: 538.0 ± 235.4 U/ mL DHCM: 449.5 ± 145.8 U/mL normal subjects: 392.5 ± 128.3 U/mL).
A B
C D E Figure 1 . Plasma levels of apoptosis mediators, proinflammatory cytokines, and soluble interleukin-2 receptor (sIL-2R) in both groups of hypertrophic cardiomyopathy patients and normal subjects. A: Plasma soluble Fas (sFas) levels increased significantly in patients with hypertrophic nonobstructive cardiomyopathy (HNCM) or dilated-phase hypertrophic cardiomyopathy (DHCM) compared to normal subjects and the differences between the HNCM and DHCM patient groups were not significant. B: Plasma soluble Fas ligand (sFas-L) levels decreased significantly in patients with HNCM or DHCM compared to normal subjects and the differences between the HNCM and DHCM patient groups were statistically significant. C: Plasma tumor necrosis factor-alpha (TNF-α) levels increased significantly in DHCM patients compared to normal subjects and there were no significant differences between the patients with HNCM and DHCM and the normal subjects. D: Plasma interleukin-6 (IL-6) levels increased significantly in patients with DHCM compared to HNCM or normal subjects and there was no significant difference between the HNCM patients and normal subjects. E: There were no significant differences in plasma sIL-2R levels among the 3 groups. Values are mean ± SD. A P value < 0.05 was accepted as statistically significant. ns: P value > 0.05. sFas = soluble Fas; sFas-L = soluble Fas ligand; TNF-α = tumor necrosis factor-alpha; IL-6 = interleukin-6. Other abbreviations as in Table I .
Comparisons between the populations with high sFas, low sFas-L, or high proinflammatory cytokine plasma levels and those without with respect to the blood samplings and echocardiographic data in HNCM patients are shown in Table II . Significant increases (> +2SD) in plasma sFas, TNF-α, and IL-6 levels compared to normal subjects were seen in 39%, 61%, and 61% for IL-6 of HNCM patients for sFas, TNF-α, and IL-6, respectively. A significant decrease in plasma sFas-L levels of greater than -2 SD of that in normal subjects was seen in 42% of the HNCM patients. The low plasma sFas-L population (sFas-L ≤ 0.14 A B C Figure 2 . Correlation analysis among the blood samples and echocardiographic data in HNCM patients (A) Plasma TNF-α levels negatively correlated with fractional shortening (FS) and (B) positively correlated with plasma IL-6 levels. (C) Plasma sFas-L levels were negatively correlated with plasma IL-6 levels. These coefficients of correlation were statistically significant. Other abbreviations as in Figure 1 .
Vol 46
No 2 ng/mL) of HNCM patients showed significant increases in plasma TNF-α and IL-6 levels compared to the other populations. There were significant decreases in FS and increases in plasma IL-6 levels in HNCM patients with high TNF-α levels (TNF-α ≥ 25.3 pg/mL) compared to those without. LAD and plasma TNF-α levels were significantly higher in HNCM patients with high IL-6 levels (IL-6 ≥ 8.2 pg/mL) than those without. In patients with DHCM, significant increases in plasma sFas and TNF-α were seen (45% for sFas and 91% for TNF-α). In addition, all DHCM patients showed significant increases in plasma IL-6 levels and decreases in sFas-L. A significant decrease in DT was observed in the high plasma sFas level population (sFas ≥ 3.60 ng/mL) of DHCM patients compared to the other DHCM patients (data not shown). Figure 3 . Kaplan-Meier plots showing the cumulative incidence of worsening congestive heart failure (CHF) in DHCM patients with a ratio of early to late diastolic transmitral flow (E/A) above and below 1.2 or plasma sFas levels above and below 3.6 ng/mL. DHCM patients with high E/A (A) and sFas levels (B) had significantly higher cumulative incidences of worsening CHF than those of the other populations. Other abbreviations as in Figure 1 .
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Correlation analysis among each blood sampling and echocardiographic data: In HNCM patients, plasma TNF-α levels were negatively correlated with FS (Figure 2A ) and positively correlated with plasma IL-6 levels ( Figure 2B ). Plasma sFas-L levels were also negatively correlated with plasma IL-6 levels ( Figure  2C ). No significant correlation was observed among each separate blood sample and the echocardiographic data in DHCM patients. Cumulative incidence of CHF in patients with DHCM: Seven DHCM patients were hospitalized for worsening of CHF during the follow-up period (after a mean of 22 months; range, 8-34 months). On the other hand, no HNCM patients experienced any cardiac events for three years. DHCM patients with high E/A ( Figure 3A ) and sFas levels ( Figure 3B ) had significantly higher cumulative incidences of CHF than those of the other populations.
DISCUSSION
Plasma sFas-L levels in human CHF have been reported to increase or remain unchanged. 9, 11) Contrary to these findings, the present study has revealed that plasma sFas-L levels in patients from both HCM groups decreased significantly compared to normal subjects, and the decrease was more marked in DHCM patients. SFas-L is a 26-kDa glycoprotein consisting of the extracellular region of the Fas-L, which is expressed not only in activated T lymphocytes and natural killer cells but also in several organs. 21, 22) Expression of Fas-L has been reported to be induced during an immune-enhanced response. 23) However, the constitutive expression of Fas-L has also been linked to tissue-specific regulation of various immune processes. In this way, the expression of functional Fas-L by some tissues contributes to their immune-privileged status by impairing survival of infiltrating leukocytes. 24) Blanco-Colio, et al reported that patients with familial combined hyperlipidemia and carotid atherosclerosis had decreased plasma sFas-L levels, probably due to downregulation of Fas-L expression in endothelial cells, and that mononuclear cell invasion of vessel walls would contribute to the progression of plaque formation. 22) In the present study, the plasma levels of sIL-2R, a marker of T-cell activation, did not change in any group. Thus, there is a high probability that the decrease in plasma sFas-L levels in both types of HCM patients in this study might be associated with the downregulation of constitutive Fas-L expression in some tissues. For example, downregulation of constitutive Fas-L expression in vascular endothelial cells facilitates inflammatory cell extravasation and local cell mediated-destruction of cardiac myocytes would tend to take place through the Fas/Fas-L system. In fact, it was previously reported that apoptotic cardiac myocytes were identified with mononuclear cell infiltra-Vol 46 No 2 tion at the border between the fibrotic and myofibril area of an autopsy heart specimen from a DHCM patient. 8) TNF-α or IL-6, which belong to the proinflammatory cytokines family, can be expressed in the myocardium under various forms of stress and are capable of inducing left ventricular hypertrophy, cardiomyopathy and apoptosis in cardiac myocytes. [25] [26] [27] [28] [29] [30] [31] Furthermore, TNF-α is thought to be intimately involved in the pathogenesis of HCM. 32, 33) In the present study, plasma TNF-α and IL-6 levels increased in many HNCM patients and the increases were marked in DHCM patients. In addition, the increases in these cytokines tended to deteriorate left ventricular systolic function or LAD in HNCM patients. Thus, these proinflammatory cytokines would have significant detrimental effects on HCM patients, like they do in other cardiac diseases. We also revealed in this study that HNCM patients with low sFas-L levels showed apparent increases in these proinflammatory cytokine levels and that these cytokines tended to increase in proportion to each other. TNF-α is thought to be capable of downregulating the constitutive expression of Fas-L on vascular endothelial cells and regulating leukocyte extravasation. 34) Thus, TNF-α, which has mainly originated from myocardium, 35) might play a critical role in the progression of HCM not only with respect to causing detrimental effects in cardiac function along with IL-6, but also for inducing vascular endothelial dysfunction and facilitating inflammatory cell extravasation by suppressing the constitutive expression of Fas-L. The Fas antigen is expressed in various tissues, including myocardium, and its soluble form, sFas, is lacking the transmembrane domain.
36) The binding of Fas-L, sFas-L, or agonistic anti-Fas antibodies to Fas induces apoptosis to the targeted cell. [36] [37] [38] Plasma sFas levels with both groups of HCM patients increased significantly compared to the normal subjects in this study. Furthermore, DHCM patients with high sFas levels showed the deterioration of DT, an index of left ventricular diastolic function, and a high incidence of worsening CHF. Thus, plasma sFas levels also increase like in other cardiac diseases in HCM patients and can therefore be used as a prognostic predictor in DHCM patients. However, it is thought plasma sFas levels do not increase significantly in mild cases of CHF, such as those in this study.
9,10) Therefore, we believe that the increase in plasma sFas levels in HCM patients would mainly reflect the overexpression of Fas antigen in the myocardium because the influences of tissue hypoxia in other organs, which are a potential source of sFas, due to CHF would be relatively slight in the present patients compared to those in previous reports. Cardiac myocytes overexpressing Fas would increasingly die using an apoptotic system of Fas/Fas-L and myocyte death could be enhanced by mononuclear cell infiltration facilitated by the suppression of constitutive Fas-L expression in vascular endothelial cells.
The results of the present study indicate that even asymptomatic HNCM patients often demonstrate increases in plasma sFas, TNF-α and IL-6 levels, and that plasma sFas-L levels decreased rather than increased. In addition, in DHCM patients, these findings were more remarkable in spite of their mild CHF state. Although many cases of HCM were suggested to have a genetic cause, 39) we were unable to clarify with certainly every phenotype or clinical course from its pathological heterogeneity in HCM patients. Cardiac myocyte destruction and the detrimental effects on the heart caused by the Fas/Fas-L system or proinflammatory cytokines may contribute to the complex features of pathogenesis in HCM. Study limitations: The sources of these apoptosis mediators as well as the proinflammatory cytokines in human HCM could not be precisely identified in this study because blood samples were only obtained from peripheral veins. Blood samples should be obtained from the coronary sinus, aorta, renal vein, pulmonary artery, and elsewhere and peripheral blood mononuclear cell production of cytokines determined in order to elucidate the sources of these apoptosis mediators and proinflammatory cytokines. Also, the expressions of Fas, Fas-L, TNF-α, or IL-6 should be estimated directly from myocardial specimens to validate our hypothesis.
HCM is a very slow progressive disease and basically has a good prognosis. Future longitudinal studies with longer follow-up periods that measure serial apoptosis mediators and proinflammatory cytokines may provide valuable information with respect to identifying cases in transition to the dilated phase or predicting a prognosis in HCM patients. Conclusions: Slow ongoing cardiac myocyte degeneration due to apoptosis and detrimental effects on cardiac function caused by interactions of the Fas/Fas-L system and proinflammatory cytokines may play an important role in the status of HCM and its progression to the dilated phase.
